Introduction {#j_jomb-2016-0023_s_001}
============

More than 1.9 billion people worldwide, including 285 million children, have an inadequate iodine intake ([@j_jomb-2016-0023_ref_001]).Iodine is necessary for the production of thyroid hormones which are essential for normal brain development, especially for the fetus and newborn who are particularly vulnerable to iodine deficiency ([@j_jomb-2016-0023_ref_002]). According to the World Health Organization (WHO), iodine deficiency is the main cause of preventable brain damage, producing a spectrum of neurological defects and intellectual impairment ([@j_jomb-2016-0023_ref_003]). Consequently, endemic goiter, hypothyroidism, cretinism and congenital anomalies are termed the iodine deficiency disorders -- IDD ([@j_jomb-2016-0023_ref_004]). Neonatal thyroid-stimulating hormone (TSH) whole blood levels, median urinary iodine excretion, thyroid size and blood thyroglobulin concentration have been recommended as indicators for monitoring iodine status in the population ([@j_jomb-2016-0023_ref_005]--[@j_jomb-2016-0023_ref_007]). Frequency below 3% of TSH concentrations exceeding 5 mlU/L on neonatal thyroid screening indicates iodine sufficiency, frequency between 3 and 19.9% indicates mild iodine deficiency, frequency of 20--39.9% indicates moderate deficiency and frequency above 40% indicates severe iodine deficiency, according to the recommendations of the WHO ([@j_jomb-2016-0023_ref_004], [@j_jomb-2016-0023_ref_006], [@j_jomb-2016-0023_ref_007]).

In the past, Macedonia used to be an iodine deficient area, with a high incidence of goiter, which, in certain regions, was endemic ([@j_jomb-2016-0023_ref_008]). Mild to moderate iodine deficiency in Macedonia was detected in 1995/96, in a national survey conducted among school children, when median urinary iodine concentrations of 117 µg/L and goiter incidence of 18.7% were detected ([@j_jomb-2016-0023_ref_009]). New salt iodination regulations, salt iodized at 20--30 mg iodine per kg salt, were introduced and became effective in October 1999. Subsequent surveys were performed in 1999, 2000 and 2001 ([@j_jomb-2016-0023_ref_010]). Median urinary iodine excretion (UIE) of 241 mg/L and goiter incidence of 0.99% in 2007 indicated elimination of IDD as a public health problem in school children. The International Council for Control of Iodine Deficiency Disorders (ICCIDD) issued a certificate of iodine sufficiency for Macedonia ([@j_jomb-2016-0023_ref_010]).

This was the first report on the assessment of iodine status in the whole country, as well as by regions, using whole-blood spot TSH concentrations obtained through newborn screening.

Materials and Methods {#j_jomb-2016-0023_s_002}
=====================

Patients {#j_jomb-2016-0023_s_002_s_001}
--------

Out of 236,378 live births in the country during a 13-year period (April 2002 -- December 2014), 228,266 newborns (96.6%) have been screened for TSH in dry blood spots collected by heel stick on filter paper (Whatman 903, LKB Vertriebs GmbH, Vienna, Austria), 48 hours after birth. TSH concentrations are expressed as mIU/L whole blood. The blood samples were collected in 31 public and private birth centers all over the country (with approximately 24 000 births per year), and mailed to the screening laboratory every second day. The screening center within the University Children's Hospital in the capital of Macedonia is responsible for conducting the national newborn thyroid screening program, which became mandatory in 2007, after 5 years as a pilot study. Of all the screened neonates, 198,213 (86.8%) were retrospectively evaluated for TSH concentrations above 5 mIU/L. Neonates with congenital hypothyroidism (CH), low birth weight or prematurity, as well as early or inadequate sampling (13.2%)were excluded from the study. All newborns with a birth weight lower than 2,500 g and/or less than 37 weeks gestational age were classified as premature neonates. The TSH cutoff value on screening was 10 mIU/L of whole blood. Therefore, whenever a TSH concentration on the Guthrie card was lower than 10 mIU/L of whole blood, it was considered negative for congenital hypothyroidism and no further action was pursued. Second card with dry blood spots was requested whenever TSH concentrations between 10 and 20 mIU/L were detected. Newborns with initial screening TSH concentrations higher than 20 mIU/L were suspicious for CH and, after confirmation of diagnosis by serum TSH measurement and clinical evaluation, were excluded from the study. For better assessment of the iodine status in different parts of the country, the study focused on each of the 8 separate regions (Skopje, Polog, Vardar, Pelagonia, Northeastern, Eastern, Southeastern and Southwestern Region) in Macedonia. The study was approved by the local Ethical Committee.

Measurements {#j_jomb-2016-0023_s_002_s_002}
------------

A sensitive time-resolved DELFIA fluoroimmunoassay was applied to measure neonatal TSH concentration in dried blood spots, using a DELFIA neonatal hTSH (human TSH) kit, manufactured by Wallac Oy, Turku, Finland. The assay principle is based on a reaction between two monoclonal antibodies (derived from mice) and two separate antigenic determinants on the hTSH molecule, as described previously ([@j_jomb-2016-0023_ref_011], [@j_jomb-2016-0023_ref_012]). The analytical sensitivity of the DELFIA Neonatal TSH assay is 2 mU/L blood. Intra-assay and inter-assay were used for assessment of the accuracy of the TSH test. Intra-assay coefficients of variation at TSH concentrations of 15, 23.7 and 66.1 mIU/L were 7%, 7.8%, and 7.5% respectively, while the inter-assay coefficients of variation at the same TSH concentrations were 8%, 9%, and 7.9% respectively. TSH concentrations were read on a 1420 VICTOR 2 D Fluorometer, Wallac Oy, Turku, Finland. Quality control of the national newborn TSH screening program was conducted quarterly and certified by ≫Referenzinstitut für Bioanalytik≪, Bonn, Germany ([www.dgkl-rfb.de](http://www.dgkl-rfb.de)).

Statistical analysis {#j_jomb-2016-0023_s_002_s_003}
--------------------

Data were analyzed using simple descriptive statistics such as frequency and percentages, by the statistical software SPSS version 20 (Chicago, IL, USA).

Results {#j_jomb-2016-0023_s_003}
=======

Between April 2002 and December 2014, a total of 228,266 newborns underwent newborn thyroid screening (coverage 96.6%). To assess iodine intake in the population, 198,213 (86.8%) of the screened newborns were retrospectively evaluated for TSH concentrations greater than 5 mlU/L. Among them, 104,458 (52.7%) were males and 93,755 (47.3%) were females, with a male to female ratio of 1.114. Average concentration of 6.24±1.23 mlU/L whole blood was noted in the analyzed samples with TSH\>5 mlU/L ([Table I](#j_jomb-2016-0023_tab_001){ref-type="table"}). TSH concentrations exceeding 5 mlU/L were found in 6,105 neonates with a national prevalence of 3.08%. The frequency of TSH\>5 mlU/L varied throughout the study period. It ranged from 1.34% in 2005 to 5.88% in 2003.Moreover, the frequency of TSH values above 5\>mlU/L varied in different regions of the country. Whereas in most regions it ranged between 1% and 3%, it was higher than 3% in two regions, Polog (5.03%) and Vardar (5%), indicating possible mild iodine deficiency in these regions ([Figure 1](#j_jomb-2016-0023_fig_001){ref-type="fig"}).

![Frequency of neonatal TSH concentrations \> 5 mIU/L by regions (2002--2014)](jomb-35-385-g001){#j_jomb-2016-0023_fig_001}

###### 

Distribution of neonatal TSH levels \> 5 mIU/L in Macedonia from 2002 to 2014.

  Year                                                        n         TSH mean (SD)   \% of TSH measurements
  ----------------------------------------------------------- --------- --------------- ------------------------
                                                                                        \>5 mlU/L
                                                                                        
  [^\*^](#j_jomb-2016-0023_fn_001){ref-type="table-fn"}2002   6 004     6.73 (1.72)     4.26
                                                                                        
  [^\*^](#j_jomb-2016-0023_fn_001){ref-type="table-fn"}2003   8 213     6.32 (1.31)     5.88
                                                                                        
  [^\*^](#j_jomb-2016-0023_fn_001){ref-type="table-fn"}2004   10 239    5.81 (0.80)     2.74
                                                                                        
  [^\*^](#j_jomb-2016-0023_fn_001){ref-type="table-fn"}2005   8 509     5.77 (0.76)     1.34
                                                                                        
  [^\*^](#j_jomb-2016-0023_fn_001){ref-type="table-fn"}2006   16 407    5.92 (0.91)     1.75
                                                                                        
  2007                                                        18 162    5.86 (0.85)     2.48
                                                                                        
  2008                                                        18 206    6.49 (1.48)     3.18
                                                                                        
  2009                                                        18 684    6.31 (1.20)     2.95
                                                                                        
  2010                                                        18 686    6.38 (1.33)     2.88
                                                                                        
  2011                                                        18 259    6.30 (1.26)     3.29
                                                                                        
  2012                                                        19 013    6.29 (1.14)     3.31
                                                                                        
  2013                                                        18 764    6.16 (1.11)     2.85
                                                                                        
  2014                                                        19 067    6.72 (1.71)     3.12
                                                                                        
  Total                                                       198 213   6.24 (1.23)     3.08

n -- number of newborns evaluated for TSH \> 5 mlU/L;

TSH -- thyroid-stimulating hormone; TSH mean -- average concentration of the analyzed samples with a TSH level of \> 5 mlU/L whole blood;

pilot study

Discussion {#j_jomb-2016-0023_s_004}
==========

The management of iodine deficiency allows for the prevention of possible intellectual impairment in regions with poor iodine intake ([@j_jomb-2016-0023_ref_006], [@j_jomb-2016-0023_ref_007]). A growing number of countries use the neonatal TSH screening results above 5 mlU/L as a universal indicator for tracking iodine deficiency in a population, as well as its severity, disappearance or reemergence data ([@j_jomb-2016-0023_ref_013]--[@j_jomb-2016-0023_ref_016]). Since the newborn thyroid gland is very sensitive to iodine deficiency, and an elevated TSH level at birth signifies that the thyroid hormone supply to the developing brain cells is insufficient ([@j_jomb-2016-0023_ref_017]), the neonatal TSH screening is a valuable test to predict possible cognitive and psychomotor impairments in a population ([@j_jomb-2016-0023_ref_007]). Furthermore, it is covered in the screening program costs, avoiding any additional expenses. In Macedonia, it is even more applicable since there is only one screening center using one assay method, enabling centralized evaluation.

In the present study, 3.08% neonates with TSH concentrations above 5 mlU/L were detected during a 13-year period, indicating iodine sufficiency in Macedonia. It was around or below 3% for all study years with the exception of the first two years, when the newborn screening was being introduced. The findings were not surprising because of the new salt iodination regulations which were instituted and became effective in 1999 ([@j_jomb-2016-0023_ref_009]). Median urinary iodine excretion (UIE) of 241 µg/L and the goiter incidence of 0.99% in 2007 indicated elimination of IDD as a public health problem in school children (10). Our results have confirmed general iodine sufficiency in Macedonia, according to WHO/UNICEF/ICCIDD guidelines, certified by the ICCIDD ([@j_jomb-2016-0023_ref_010]). An unexpected finding was a prevalence of TSH concentrations \>5 mIU/L higher than 3% in two regions of the country, Polog and Vardar. Additionally, the incidences of congenital hypothyroidism of 1/1520 in the Polog region and 1/1045 in the Vardar region were significantly higher than the overall incidence in the country (1/2486) for the same period, due to a higher number of cases (40%) with transient CH unpublished data). These data indicate possible mild iodine deficiency in these regions. Furthermore, some environmental factors may play a role for the higher percentage of slightly elevated TSH levels in the samples from Polog and Vardar because both provinces are placed in the valley of the river Vardar.

Since Macedonia was an iodine deficient area in the past and mild to moderate iodine deficiency was detected in 1995/96 ([@j_jomb-2016-0023_ref_009]), a detailed assessment program of iodine deficiency by evaluation of urinary iodine concentration among school children in these regions is warranted. Mild iodine deficiency impairs intellectual development and can reduce the average population cognitive scores by 10--15% ([@j_jomb-2016-0023_ref_018]). Though neonatal TSH screening is a universal indicator of the severity of iodine deficiency, the proposed TSH cutoff level of 5 mIU/L has been regarded as not sensitive enough to detect mild iodine deficiency ([@j_jomb-2016-0023_ref_017], [@j_jomb-2016-0023_ref_019]--[@j_jomb-2016-0023_ref_023]). Since frequency of TSH results \> 5 mIU/L below 3% has been found in populations with mild iodine deficiency ([@j_jomb-2016-0023_ref_017]), the frequency below 3% which indicates iodine sufficiency should be reevaluated ([@j_jomb-2016-0023_ref_024]).

In conclusion, our study has confirmed iodine sufficiency in Macedonia. The whole-blood spot national neonatal TSH screening database is a valuable indicator for monitoring the population iodine status over time. Additional analysis for confirmation of suspected regional mild iodine deficiency, as well as national policies and good practices in food supplementation for achieving adequate iodine nutrition are necessary.
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